Abstract The present study describes the use of a simple solid-phase extraction procedure for the extraction of arseniccontaining hydrocarbons from fish oil followed by analysis using gas chromatography (GC) coupled to inductively coupled plasma mass spectrometry (ICPMS). The procedure permitted the analysis of a small sample amount, and the method was applied on a range of different commercial fish oils, including oils of anchovy (Engraulis ringens), Atlantic herring (Clupea harengus), sand eel (Ammodytes marinus), blue whiting (Micromesistius poutassou) and a commercial mixed fish oil (mix of oils of Atlantic herring, Atlantic cod (Gadus morhua) and saithe (Pollachius virens)). Total arsenic concentrations in the fish oils and in the extracts of the fish oils were determined by microwave-assisted acid digestion and ICPMS. The arsenic concentrations in the fish oils ranged from 5.9 to 8.7 mg kg −1 . Three dominant arsenic-containing hydrocarbons in addition to one minor unidentified compound were detected in all the oils using GC-ICPMS. The molecular structures of the arseniccontaining hydrocarbons, dimethylarsinoyl hydrocarbons (C 17 H 38 AsO, C 19 H 42 AsO, C 23 H 38 AsO), were verified using GC coupled to tandem mass spectrometry (MS/MS), and the accurate masses of the compounds were verified using quadrupole time-of-flight mass spectrometry (qTOF-MS). Additionally, total arsenic and the arsenic-containing hydrocarbons were studied in decontaminated and in nondecontaminated fish oils, where a reduced arsenic concentration was seen in the decontaminated fish oils. This provided an insight to how a decontamination procedure originally ascribed for the removal of persistent organic pollutants affects the level of arsenolipids present in fish oils.
Introduction
Arsenic is a ubiquitous element that is released into the environment by both natural and anthropogenic processes. The element has in particular been studied in marine samples, where relatively high levels of arsenic can be found, normally ranging from 1 to 170 mg kg −1 wet weight (w.w.) compared to samples of terrestrial origin (usually <0.2 mg kg −1 (w.w.)) [1, 2] . Arsenic has a complex chemistry, and more than 50 naturally occurring arsenic species have so far been characterized in samples from the marine environment [3] . The lipid fraction of the liver and other organs from marine fish was already in the 1950s reported to be concentrated in arsenic [4] . Oil extracted from marine fish and other marine organisms were shown to contain between 1 and 50 mg As kg −1 oil, and the lipid-soluble arsenic compounds were found to generally constitute from 10 to 30 % of the total arsenic present [5] . The lipid-soluble fraction of arsenic comprises a range of compounds named arsenolipids, reflecting the lipophilic properties of the compounds. Despite the high proportion of arsenolipids reported in many samples, most research within the field of arsenic speciation has until recently mainly been focusing on the water-soluble arsenic species [6] . This can be ascribed to difficulties associated with the isolation and analysis of the lipid-soluble arsenic and in addition to the somewhat lower levels of arsenolipids in marine samples compared to water-soluble arsenicals.
A renewed interest for the lipid-soluble arsenic compounds has been seen in the recent years. Three groups of arsenolipids, the arsenic-containing fatty acids, the arsenosugar phospholipids and the arsenic-containing hydrocarbons (Table 1) , have been identified in marine oils, such as capelin (Mallotus villosus) oil [7, 8] and crude cod liver oil [9] ; in canned cod liver [10] ; in tuna (Thunnus sp.) [11] ; in brown macroalgae (Undaria pinnatifida and Hizikia fusiformis) [12, 13] and in fishmeal of capelin [14] . The arsenolipids were all identified using high-performance liquid chromatography coupled to inductively coupled plasma mass spectrometry (HPLC-ICPMS), and accurate molecular masses for structural elucidation were obtained using HPLC coupled to high-resolution mass spectrometry (HR-MS) [8, 9, 14] .
The arsenic-containing hydrocarbons were first identified by Taleshi and co-workers [8] , who reported the presence of three different arsenic-containing hydrocarbons in samples of capelin oil. These dimethylarsinoyl hydrocarbons, varying in chain lengths, C 15 , C 17 and C 21 (Table 1) , were analysed by reversed-phase HPLC coupled to electrospray mass spectrometry following preparative HPLC extraction. The chemical structures of the arsenic-containing hydrocarbons were further identified by analysis of the capelin extracts and a synthesized arsenic-containing hydrocarbon using HPLC-HR-MS [8] .
Gas chromatography (GC) has also been successfully employed for the analysis of arsenic-containing hydrocarbons in capelin oil, as shown by Raber and co-workers [7] , who reported on the analysis of these compounds by GC-MS. Extracts of oil from canned cod liver have also been analysed by GC-ICPMS where the three arsenic-containing hydrocarbons in addition to several unknown arsenic-containing peaks were found [10] . The use of GC overcomes the challenges associated with the introduction of organic solvents to the ICPMS when using reversed-phase HPLC. The argon plasma in the ICPMS is destabilized when organic solvents are introduced, and several modifications of the ICPMS, including low flow and oxygen addition [15] , are required for analysing lipid-soluble samples with the reversed-phase HPLC-ICPMS approach. Using GC, however, the plasma of the ICPMS will not be affected by organic solvents. Gas chromatography is, additionally, commonly used for the separation of fatty acids and other lipids that can be volatilized [16] . Despite this, only few studies have, so far, focused on the use of GC for analysis of arsenolipids in fish oils.
Commercial fish oils are produced from a wide range of different fish species and can be relatively abundant in arsenic, normally in the range from 0.2 to 16 mg kg −1 oil [17, 18] . The large variations in the arsenic concentrations may be a reflection of the fish species that the fish oil is produced from, as the arsenic concentrations can vary widely between different fish species [19, 20] . Furthermore, a large variation in the arsenic concentration in the lipid phase within the same sample type has been reported, e.g. samples of oil of cod liver range between 0.2 and 10 mg As kg −1 [17] . Fish oils are also known to be relatively high in persistent organic pollutants (POPs), such as dioxins and polychlorinated biphenyls [21] . The high level of POPs in fish oil has caused particular focus on efficient decontamination procedures for the removal of this group of compounds [22, 23] . The decontamination techniques currently used for removing POPs, such as active carbon and steam deodorization, are known to additionally remove other lipidsoluble compounds, such as certain oxidative products, sterols, tocopherols and free fatty acids [24] [25] [26] . The techniques may also affect the levels of naturally occurring lipid-soluble compounds present in fish oil such as the arsenolipids. Fish oils are used in animal feed production as a basic feed ingredient. The high-energy salmonid feeds have a high inclusion of fish oil and fish meal. Both fish oil and fish meal will contribute to the arsenic present in the complete fish feed. Fish meal is dominant in the water-soluble arsenic species, mainly arsenobetaine [27] . The arsenic-containing fatty acids and the arsenic-containing hydrocarbons were, however, recently identified in the lipid fraction (hexane-soluble fraction) of fish meal of capelin [14] , where the compounds constituted 12 % of the total arsenic in the fish meal. Fish oils are abundant in the arsenolipids and low in the water-soluble arsenic species. So far, the arsenolipids have, however, only been characterized in few samples of commercial fish oils [7, 8, 28] , where the arsenic-containing hydrocarbons were identified as the major arsenolipids in capelin oil [8] . The procedures reported for the extraction and purification of arsenic-containing hydrocarbons prior to the instrumental analysis have all been work intensive and required large sample and solvent volumes, and only a low throughput of samples was possible [8, 9] .
The aim of this work was to study the presence of arseniccontaining hydrocarbons in a range of commercial fish oils, relevant in fish feed production, by using a simple solid-phase extraction (SPE) procedure followed by a GC-ICPMS analysis.
Experimental

Chemicals and reagents
All chemicals used were analytical grade quality or better. Milli-Q water (EMD Millipore Corporation, Billerica, MA, USA) (18.2 MΩ cm) was used for sample preparation and total arsenic analysis. Methanol, n-hexane, chloroform, acetonitrile and hydrogen peroxide (H 2 O 2 , Emsure ACS, ISO, 32 % w/w) were obtained from Merck (Darmstadt, Germany). Nitric acid (HNO 3 , trace select, ≥69.0 % w/w) was obtained from Fluka (Buchs, Switzerland), and formic acid (99 % w/w) and acetonitrile (used in reconstitution of the samples in quadrupole time-of-flight (qTOF) analysis) were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Fish oil samples and decontamination
Commercial fish oils of blue whiting (Micromesistius poutassou), anchovy (Engraulis ringens) and mixed oil (of Atlantic herring (Clupea harengus), Atlantic cod (Gadus morhua) and saithe (Pollachius virens)) were obtained through a national surveillance programme led by the National Institute of Nutrition and Seafood Research (NIFES) on behalf of the Norwegian Food Safety Authority. Commercial fish oils of sand eel (Ammodytes marinus) and Atlantic herring were obtained from FF Skagen (Fiskernes Fiskeindustri Amba, Skagen, Denmark). In addition, decontaminated oils of the original sand eel and herring oil were obtained. The oils were decontaminated at the facility of the company by a two-step technique, based on active carbon followed by steam deodorization as previously reported [29] . The decontamination technique removes POPs from the fish and AsFA with assigned number for the carbon chain length. The arsenosugar phospholipids (As-sugPL) with number assigned for the molecular weight of the compound , oils. However, the last step of the procedure may also remove various oxidation and odoriferous compounds, in addition to the presence of free fatty acids in the fish oils [24] .
Overview of analytical work
In the first step of the analytical procedure, the fish oils were partitioned into hexane and aqueous methanol phases. The aqueous methanol phases were subsequently further cleaned by a SPE procedure. The whole fish oils, the hexane phases, the aqueous methanol phases and the SPE extracts were analysed for total arsenic. The SPE extracts were furthermore analysed by GC-ICPMS for the presence of arseniccontaining hydrocarbons. The SPE extracts of selected fish oils were analysed by GC-MS/MS (sand eel oil and herring oil) and HPLC coupled to qTOF-MS (sand eel oil and anchovy oil) for identification of the molecular structures and determination of accurate masses of the arseniccontaining hydrocarbons, respectively.
Extraction of the arsenic-containing hydrocarbons
Three replicates of each fish oil (1.0±0.1 g) were partitioned between n-hexane (7.5 mL) and water/methanol (9:1, v/v; 2×3.75 mL). The aqueous methanol fractions were evaporated to dryness using nitrogen and dissolved in 1 mL methanol/chloroform/water (60:30:8, v/v/v). The samples were applied to weak-anion exchange SPE columns (X-AW, 1 g, 10 mL, Phenomenex, Torrance, CA, USA), which were conditioned with 10 mL of the solvent mixture prior to application of the samples. The analytes were eluted with 12 mL methanol/chloroform/water (60:30:8, v/v/v) solution. The SPE procedure was based on the preparative sample cleanup procedure previously reported by Taleshi and co-workers [8] . The eluted fractions were evaporated to dryness by nitrogen and reconstituted in 1 mL n-hexane and filtered (Acrodisk, Minispike Syringe filter, GHP, 13 mm, 0.45 μm, Waters Corporation, Milford, MA, USA; Soft-ject Luer, 1 mL, Henke-Sass Wolf GmbH, Tuttingen, Germany) prior to analysis by GC-ICPMS, GC-MS/MS and HPLC-qTOF-MS.
Total arsenic measurements by ICPMS
Subsamples of the fish oils and the hexane phases of the fish oils were accurately weighted (0.15 g) in PTFE vessels and digested with 2 mL concentrated HNO 3 and 0.5 mL H 2 O 2 in a microwave system (Ethos Pro Milestone, Sorisole, Italy) using the following temperature programme: 1 min at 250 W, 1 min at 0 W, 5 min at 250 W, 5 min at 400 W and 5 min at 650 W. Following the microwave-assisted digestion, the digests were diluted to a final volume of 25 mL with Milli-Q water. The aqueous methanol extracts and the SPE extracts from the extraction procedure were dissolved in 1-2 mL methanol and transferred by Pasteur pipette to PTFE vessels. The vessels were left overnight in a fume hood to evaporate the methanol. The evaporated extracts were digested by the same procedure as described above. The digests of the aqueous methanol extracts and the SPE extracts were diluted to a final volume of 10 mL with Milli-Q water.
For the quantification of total arsenic in the diluted digests, an external calibration curve was made from freshly prepared arsenic standard solutions, diluted from a 1,000 mg L Table 2 . Triphenylarsine (Ph 3 As) (Strem Chemicals Inc., Newburyport, MA, USA) was used for external calibration and for internal control of the retention behaviour of the chromatographic system.
Structural identification of arsenic-containing hydrocarbons by GC-MS/MS and qTOF-MS analysis
For the identification of arsenic-containing hydrocarbons, the selected SPE extracts were analysed by GC-MS/MS (7000 B Triple Quadrupole GC/MS, Agilent Technologies). A GC column, Rtx®-5SIL MS fused silica (5 % diphenyl/95 % dimethyl polysiloxane, 30 m×0.25 mm, 0.25 μm) (Restek Corporation, Bellefonte, PA, USA), was used for the separation. The instrumental settings are listed in Table 2 . Ionization was achieved in electronic impact mode at 70 eV. The scan (Table 2) . Triphenylarsine was used for internal control of the retention behaviour of the chromatographic system. The SPE extracts were further analysed by an LC-MS system, which consisted of an Agilent 1200 HPLC system coupled to a qTOF instrument (Bruker Daltonics, Bremen, Germany). Analytes were separated on a Poroshell 120 EC-C8 reversed-phase column (100×2.1 mm, 2.7 μm) (Agilent Technologies), using the following solvent system: solvent A: water with 5 mM ammonium formate and 0.1 % formic acid, and solvent B: acetonitrile with 0.1 % formic acid. A gradient solvent programme with a solvent flow at 0.3 mL min −1 and a 1 μL injection volume was used. The solvent programme and instrumental settings for the LC and the qTOF are listed in Table 2 . The scan range was from m/z 100 to 1,000 in positive mode.
Results and discussion
Total arsenic in the fish oils and in the extracts of fish oils
The fish oils contained from 5.9 to 8.7 mg As kg −1 oil (Table 3 ). This is in agreement with the arsenic concentrations previously reported for commercial fish oils, ranging from 0.2 to 16 mg As kg −1 [17, 18] . For all fish oils, the partitioning of arsenic into the methanol and the hexane extracts gave similar patterns. For all samples, the majority of arsenic was found in the non-polar hexane phase, comprising 59-73 % of the total arsenic, while 23-45 % of the total arsenic was found in the more polar methanol phase (Table 3) . Importantly, an upconcentration of arsenic was seen for the aqueous methanol fraction (e.g. from 7.96 mg kg −1 in whole sand eel oil to 112 mg kg −1 for the aqueous methanol phase of the oil), as only 2 % of the oil (on weight basis) was partitioned into the methanol phase and most of the lipids (non-arsenic containing) was partitioned into the non-polar hexane phase (98 % on weight basis) (data not shown). The arsenic concentrations in the methanol fraction of the fish oils were upconcentrated with a factor ranging from 10 to 25 when compared to the concentrations in the whole fish oils (data not shown). High concentrations of arsenic in the polar fractions of oils have previously been reported for fish oils [28] , cod liver oil [9, 31] and capelin oil [8] . The methanol fraction of fish oils was found by Schmeisser and co-workers to have an approximately 20-fold increase in arsenic concentration compared to the concentrations of the whole oil [28] . The aqueous methanol fraction was chosen for further investigations. The hexane phase was not further examined in this study. Between 55 and 92 % of the arsenic present in the methanol fraction of the oils was found in the SPE extracts (Table 3 ). This is in agreement with a previous study on capelin oil, where 65 % of the arsenic in the methanol fraction was found to be the arsenic-containing hydrocarbons [8] . In order to investigate if a complete elution of Table 3 Arsenic concentrations (mean ± SD, n=3, in milligram per kilogram of oil) in whole fish oils, the hexane and the methanol fractions and the SPE extracts; and the distribution (in percent) of arsenic into hexane and methanol fractions and in the SPE extracts (of As in the methanol fraction) a Of the weighted fish oils (1.05±0.03 g), the hexane phase contained 98 % of the oil (1.03±0.03 g) while the methanol phase contained 2 % (0.02± 0.005 g) of the oil (data not shown) b The arsenic concentrations in the decontaminated fish oils were significantly different from the arsenic concentrations in the original fish oils (using a t test with P value for a two-tailed 95 % confidence interval (Graph Pad Prism)) c n=2
arsenic-containing hydrocarbons was obtained with a 12 mL elution solvent, an additional elution with 6 mL elution solvent was performed, and this fraction was analysed by GC-ICPMS. No arsenic-containing hydrocarbons were detected in this fraction, indicating that the elution volume of 12 mL is sufficient for a complete elution of the arseniccontaining hydrocarbons. Arsenolipids, such as the arseniccontaining fatty acids, could also be retained on the SPE column [9] . In addition, the arsenosugarphospholipids and other unknown arsenolipid compounds may be retained.
The presence of these arsenolipids may explain the relatively low recovery of arsenic in the SPE extract of the decontaminated herring oil (Table 3) . Further, the results suggest that different fish oils may have different abundance of the various arsenolipid compounds. Results from previous studies also suggest this, e.g. cod liver oil was found to be high in the arsenic-containing fatty acids [9] , whereas capelin oil and oil from tuna were shown to be abundant in the arsenic-containing hydrocarbons [8, 11] .
Arsenic-containing hydrocarbons by GC-ICPMS, GC-MS/ MS and qTOF-MS analysis
All fish oils contained three major arsenic-containing compounds when analysed by GC-ICPMS (Fig. 1) . Two of the fish oils were further subjected to analysis by GC-MS/MS and HPLC-qTOF-MS, which verified the molecular structures and the accurate masses of the compounds. The three peaks were compounds A (C 17 H 38 AsO), B (C 19 H 42 AsO) and C (C 23 H 38 AsO) (Table 1) , which earlier have been identified by Taleshi and co-workers using HPLC-HR-MS [8] and by Raber and colleagues using GC-MS [7] . The compounds are from here on named AsHC-C 15 The sensitivity and specificity of GC-MS/MS in scan mode did not allow differentiation of the arseniccontaining compounds from the non-arsenic-containing compounds (Fig. 2a) . However, using a SRM mode, by monitoring of the precursor ions and the product ions, based on previous findings by Raber and co-workers [7] , three dominant peaks could be seen for the SRM transitions (Fig. 2b) . The mass spectra of the compounds (data not shown) corresponded well with the mass spectra reported by Raber and co-workers [7] . This verified that the three arsenic-containing hydrocarbons, AsHC-C 15 , AsHC-C 17 and AsHC-C 21 , were present in the fish oil extracts, corresponding to the peaks observed in the GC-ICPMS analysis. The peaks in the GC-MS/MS chromatogram matched the retention times of the arsenic-containing peaks found by GC-ICPMS analysis. Accurate molecular masses of the compounds were further provided by qTOF-MS analysis of extracts of sand eel oil and anchovy oil. The arseniccontaining hydrocarbons were identified in both extracts; here, the results for the sand eel oil are given: C 17 + 405.2134; found 405.2149; Δm=3.7 ppm). A fourth peak (r.t. 25.2 min) was seen in all fish oils when analysed by GC-ICPMS. Unfortunately, due to the relatively low sensitivity of GC-MS/MS in scan mode, the identification of the unknown peak was not possible. The closeness in retention time to compound AsHC-C 17 , however, indicates that the unknown compound has a similar chemical structure. On the basis of the identified structures of the arsenic-containing hydrocarbons, it is suggested that the unknown peak either has the same unbranched carbon chain, with one carbon less than compound AsHC-C 17 or that the compound has a shorter carbon chain with one or several double bonds. The fish oils were additionally run in precursor ion scan (data not shown) using 105 and 106 m/z as these ions have been found as product ions for all the three identified arsenic-containing hydrocarbons, AsHC-C 15 , AsHC-C 17 and AsHC-C 21 . However, no product ion and hence no precursor ion could be assigned to the unknown peak, and its molecular structure remains unknown. Several unknown arsenic-containing peaks have also been seen in samples of cod liver using GC-ICPMS [10] . In addition to several peaks in the highly volatile area of the GC chromatogram, unknown peaks were also seen in the retention time area of compound AsHC-C 17 . None of the unknown compounds seen in the cod liver where, however, identified [10] .
The molecular ions (AsHC-C 15 ; M + =332 m/z, AsHC-C 17 ; M + =362 m/z, AsHC-C 21 ; M + =404 m/z) of the compounds could not be detected by GC-MS/MS, similar to what has earlier been described by Raber and co-workers [7] . Instead [M−16] + appeared to be the molecular ion for the arsenic-containing hydrocarbons. This is most likely the arsine analogue of the compounds due to the loss of oxygen in the injection port [7] . The [M−16] + was therefore used as molecular/parent ion for the SRM analysis.
The arsenic-containing hydrocarbons constituted between 13 and 35 % of the total arsenic present in the fish oils analysed, when comparing the total arsenic in the SPE extracts with the total arsenic in the whole oils. Compared to the findings reported by Taleshi and co-workers [11] who found 40 % of the arsenolipids as arsenic-containing hydrocarbons in tuna, the arsenic-containing hydrocarbons represent a somewhat lower percentage in the commercial fish oils investigated in the present study. Quantification of the arsenic-containing hydrocarbons using an external calibration with Ph 3 As gave poor recovery, ranging between 29 and 82 %, compared to the results for total arsenic in the SPE extracts. It has earlier been discussed by Raber and colleagues [7] that the MS response for arsine oxide is only 50 % of that of arsine due to incomplete conversion in the injection port. The loss of oxygen was seen when verifying the molecular structure of the arsenic-containing hydrocarbons, as the parent ions appeared as [M−O] + in the MS. The arsenic-containing hydrocarbons are the dominant arsenolipid compounds in the polar methanol fractions of all the fish oils examined (Table 3) . It is, however, apparent that the abundance of the different compounds of the arseniccontaining hydrocarbons varies for the different fish oils (Fig. 1) , e.g. the sand eel oil is dominant in compound AsHC-C 21 while the herring oil has a nearly uniformly abundance of the three major arsenic-containing hydrocarbons similar to the blue whiting oil. The anchovy oil is dominant in compound AsHC-C 17 and low in abundance of AsHC-C 21 while the mixed oil is more abundant in compound AsHC-C 15 .
Arsenic in decontaminated fish oils Fish oils are processed by several techniques, and in the last decade, special emphasis has been on the removal of POPs that are found in relatively high levels in fish oils [22] . Several decontamination techniques have been developed for reducing the levels of POPs in fish oils [22, 23, 32] , where use of active carbon has been found to efficiently remove a limited group of POPs while the additional use of steam deodorization will more effectually remove volatile POPs [29, 33] . Steam deodorization is a technique originally used for removing volatile off flavours from fish oils [24] ; however, steam deodorization has also been shown to remove sterols, tocopherols [26] and free fatty acids [27] as well as cause polymerization [34] and isomerization of polyunsaturated fatty acids [35] in fish oils. Oils of sand eel and herring were decontaminated at the fish oil facility using active carbon followed by steam deodorization to remove POPs from the fish oils. Analysis of arsenic in the original and in the decontaminated oils shows that the decontamination procedure also affects the level of arsenic in the oil. The arsenic concentration in the decontaminated and in the non-decontaminated fish oils of herring and sand eel was significantly different (t test, 95 % confidence interval, two-tailed P value, Graph Pad Prism) (Table 3 ). For the sand eel oil, a 10 % reduction in the total arsenic was seen in the decontaminated oil (7.2±0.2 mg kg Table 3) .
The GC-ICPMS analysis of the SPE extracts shows a reduction of the arsenic-containing hydrocarbons in both the decontaminated sand eel oil and herring oil compared to the original oils ( Fig. 3a and b) . For the sand eel oil, a reduction in the signal could be seen for all three arsenic-containing hydrocarbons (Fig. 3a) . However, a larger reduction in the signal for the arsenic-containing hydrocarbons could be seen in the GC-ICPMS chromatograms for the decontaminated and the original herring oil, where the compounds AsHC-C 15 (r.t., 20.4 min) and AsHC-C 17 (r.t., 25.8 min) have a reduction in signal, and compound AsHC-C 21 (r.t., 35.7 min) is not detected in the decontaminated herring oil GC-ICPMS profile (Fig. 3b) .
The arsenic-containing hydrocarbons seem to be more efficiently removed in the herring oil compared to the sand eel oil following the decontamination procedure. A possible explanation for this could be variation in the actual decontamination procedure, as the herring oil was decontaminated approximately 1 year prior to the sand eel oil. The decontamination process will additionally remove several other lipid-soluble compounds, where the removal of free fatty acids is most likely related to the removal of the arsenic-containing hydrocarbons. The removal of free fatty acids in the first herring oil batch was higher than in the later sand eel oil batch (data not shown). This could suggest a correlation between the removal of free fatty acids and the arsenic-containing hydrocarbons, as the removal of arsenic-containing hydrocarbons was higher in the herring oil than in the sand eel oil. The lower removal of arsenic-containing hydrocarbons in sand eel oil could be explained by the lower removal of free fatty acids, assuming that the arsenic-containing hydrocarbons are removed similarly as free fatty acids in the decontamination procedure. 
Conclusion and future work
The arsenic-containing hydrocarbons were studied in commercial fish oils by using a simple SPE extraction approach followed by GC-ICPMS analysis. Several fish oils, relevant for fish feed production, have been analysed, providing a dataset for the occurrence of the arsenic-containing hydrocarbons in fish oils. The arsenic-containing hydrocarbons accounted for 13-35 % of the total arsenic in the fish oils.
Three dominant arsenic-containing hydrocarbons were found in all of the fish oils analysed, namely dimethylarsinoyl hydrocarbons (C 17 H 38 AsO, C 19 H 42 AsO and C 23 H 38 AsO). The abundance of the specific arsenic-containing hydrocarbons varied in the different oils. Additionally, a fourth compound was detected, but not identified, in all the fish oils. Future work will aim towards the identification of the unknown peak. The GC-ICPMS method is a qualitative screening method for the arsenic-containing hydrocarbons, and future work will focus on improving the method for quantification purposes. There is, however, a need for available standards for the arsenolipids, including the arsenic-containing hydrocarbons. This is important for quantitative analysis, and it would as well simplify the qualitative assignments of arsenolipid species. Decontamination of fish oil lowers the total arsenic content in the oils. The data indicate that the arsenic-containing hydrocarbons are partly removed by a decontamination procedure originally ascribed for the removal of POPs and that the removal of the arsenic-containing hydrocarbons may be correlated with the removal of free fatty acids (non-arsenic containing) in fish oils. Future work should be directed towards studies on arsenolipid behaviour during industrial processes involving marine oils.
